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STUDIES ON HUMAN SKIN PROTEASE*
TAKUSO YAMURA, M.D. AND FRANK E. CORMIA, M.D.
Proteolytic activity has been identified in
skin by Beloff and Peters (1), Wells and Babcock
(2), and Axeirod and Martin (3). In the experi-
ments of Wells and Babcock (2), 90% of the
enzymatic activity was present in the epidermis.
Cormia and Dougherty (4) reported that pro-
teolytie enzymes extracted from human skin
produced itching.
In view of the potential importance of cuta-
neous proteases, a further study of the properties
of proteolytic enzymes in human skin has been
made. Protease activity was measured by the
effect of skin slicers or enzyme extracts on syn-
thetic substrates. An attempt has been made to
localize protease activity in various layers of the
skin and to characterize the type of enzyme
involved.
MATERIALS AND METHODS
Skin was obtained from the breast and the leg
following operative procedures and either used
immediately or kept frozen at —20° C until ready
for use. Proteolytic enzyme was extracted by the
procedure of Beloff and Peters (1): after extraction
with 2 M KC1, the active material was precipitated
with acetone.
Skin slices were prepared by means of a Stadie-
Riggs microtome. The average thickness was 500
p. Skin samples from five subjects were cut into
four layers: epidermis and superficial cutis,
mid-cutis, deep cutis and superficial subcutaneous
layer, and deep subcutaneous layer. Two samples
were cut into six layers: the first five including the
skin and the superficial subcutaneous layer and
the sixth the deep subcutaneous layer. In all
instances, sections were stained with hematoxylin-
eosin and the location and thickness of individual
sections were verified by microscopic examination.
Enzymatic activity was measured on the fol-
lowing synthetic amino acid ester substrates:
N-acetyl-L-tryptophan ethyl ester (ATrEe), N-
acetyl-L-tryrosine ethyl ester (ATyEe), benzoyl-
L-arginine ethyl ester (BAEe) and tosyl-L-
arginine methyl ester (TAMe). Hydrolysis of
the substrate was followed by a manometric
technic, as described by Ungar et al. (1957).
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Substrate concentration was 0.005 M. The bicar-
bonate concentration of 0.015 M, after saturation
with 95% N and 5% CU, gave a pH of 7.4. Each
determination was made with 100 mg. of skin
slices or the amount of extract equivalent to at
least 100 mg. of wet weight of skin. Enzymatic
activity is expressed in terms of pIVI of substrate
hydrolyzed per hour per gram of skin.
RESULTS
Proteolytic activity of skin extracts of whole
skin from 4 subj ects is shown in Table 1. Varia-
tions noted are probably due to the varying
yield of the extraction procedure for each par-
ticular enzyme present in the mixture.
Table 2 shows results obtained with skin
slices which were frozen to —20°C before slicing.
It also shows the distribution of the enzymes
among the various layers of the skin. The mean
values are shown in Fig. 1.
In another experiment the frozen skin was
divided into six layers. The results are tabulated
in Table 3, and illustrated graphically in Fig. 2.
Comparing the results of Tables 2 and 3 with
those obtained with fresh, unfrozen skin slices
(Table 4) indicates that freezing causes an in-
crease of proteolytic activity in the skin. Heating
of the slices for 30 minutes to 56°C decreases
protease activity, as shown in Table 5.
Experiments with streptokinase (Fig. 3) show
activation of a protease present in the skin slices
which hydrolyzes BAEe and TAMe while the
activity on ATrEe is not significantly altered.
DIscussIoN
A proteolytic enzyme or enzymes extracted
from frozen human skin has high proteolytic
activity on the artificial substrates BAEe and
TAMe but relatively little effect on the sub-
strates ATrEe and ATyEe. A study was made
of the proteolytie effect of skin slices on the
substrates BAEe, TAMe, and ATrEe. The
activity on BAEe was highest in the epidermis
and superficial eutis although considerable
activity perisited through all skin layers. Proteo-
lytie activity on TAMe was high throughout the
skin and low in the subcutaneous tissue. With
the substrate ATrEe, proteolytic activity was of
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a lower degree, reaching a peak in the mid-cutis
and decreasing to a low level in the subcutaneous
tissue.
A considerable difference will be noted in
Figures 1 and 2. In Figure 1, layer 3 was approxi-
mately twice as thick as layers 1 and 2. It is
probable that the added thickness of layer 3
TABLE I
Proteotytic activity of skin extracts
prevented effective action of the contained
protease on the substrates. In figure 2, this
difficulty was avoided by using 5 layers of equal
thickness and it will be noted that proteolytie
activity was maintained at a higher level in the
deeper portions of the dermis. These findings
are in marked contrast to those of Wells and
Babcock (2), who stated that 90% of the pro-
teolytic activity of the skin was in the epidermis.
Another significant difference may be ob-
served between the effects of proteolytic enzyme
and the skin slices on the 3 substrates. In some
instances, the activity of the skin slices on BAEc
and TAMe was comparable with that of the
extracted enzyme, while in others it was some-
what higher. However, with ATrEe, the activity
of the skin slices was significantly greater (the
mean value with the extracted enzyme being 2
micromoles per hour per gram and with the skin
1st Layer
ATrEe BAEe TAMe
31.7 69.0 56.1
33.5 239.0 90.6
27.4 80.2 79.3
33.5 128.5 132.0
18.3 62.3 97.8
28.9 115.8 91.2
6.5 78 28
TABLE II
Protease activity of frozen human skin j.rM/h/g
2nd Layer 3rd Layer
ATrEe BAEe TAMe ATrEe BAEe TAMe
27.1 76.3 92.2 31.7 66.5 41.2
75.6 115.3 137.5 77.8 105.3 101.8
43.9 158.0 114.8 29.0 60.7 50.0
69.8 134.5 119.2 36.3 61.9 77.5
31.7 62.0 82.7 40.4 69.8 60.0
49.6 109.2 109.3 43.1 72.8 66.1
22 40 22 20 18.5 24
whole Skin (Epidermis
and Dermis)
ATrEe BAEe TAMe
39.5 69.4 89.8
71.7 129.5 119.5
34.5 118.8 94.0
55.2 126.5 123.5
23.9 70.0 69.0
45.0 102.8 98.8
18.7 30.5 22.5
TABLE III
Amount of proteotytic activity in human skin pM/h/q
No. 1st Layer 2nd Layer 3rd Layer
1
2
Mean
ATrEe BAEr
23.9 165.5
18.6 60.0
21.3 112.8
TAMe
176.7
82.2
129.5
ATrEe
20.9
28.4
24.7
BAFe TAMe
213.0 235.0
77.7 54.6
145.4 144.8
ATrEe BAEe TAMe
32.6 205.0 163.5
35.9 71.9 73.2
34.3 138.5 118.4
No. 4th Layer 5th Layer Subrotaneous Layer
ATrEe BAEe TAMe
6.5 36.5 39.7
13.3 16.2 27.8
9.9 26.4 33.8
ATrEe BAEe TAMe ATrEe BAEe TAMe
1
2
Mean
27.3 187.5
37.3 55.7
32.3 121.6
236.0
89.0
162.5
19.6
34.5
27.1
112.0 130.0
50.3 66.5
81.2 93.3
Sobstrate 5M/h/gSkin From Foor
Individual
Sobjerts
2
3
4
ATrEe
3.04
2.52
1.1
1.16
ATyEe
1.89
4.3
7.01
BAEe TAMe
43.3 41.6
64.7 63.6
39.5 30.2
6.9 5.8
No.
1
2
3
4
5
Mean
Sobrutaoeons
ATrEe BAEe TAMe
0.6 16.1 15.C
2.5 23.5 20.3
8.8 23.2 16.8
11.3 26.5 28.5
4.3 15.5 13.9
5.5 21.0 18.9
4.4 4.9 5.9
STUDIES ON HUMAN SKIN PROTEASE 123
slices between 20 and 35 micromoles per hour
per gram). One must conclude that the present
method of extraction fails to obtain a con-
siderable amount of skin protease, especially that
fraction which acts on ATrEe.
Activation of protease by freezing is in agree-
ment with the results of Tingar and Damgaard (5)
who showed that lowering or raising the tem-
perature of tissue slices causes protease activa-
PROTEOLYTIC EFFECT OF THREE SKIN
SLICES AND SUBCUTANEOUS LAYER
— ATrEe
'ZJ BAEe
TAMe
tion. Inactivation of the enzymes at 56°C de-
scribed above is in apparant contradiction with
these observations. In the present experiments,
however, heating was maintained for 30 minutes
instead of 10 as in the experiments of Ungar and
Damgaard.
In addition to freezing, the activity of skin
proteases may be increased by the addition of
streptokinase (Fig. 3). Streptokinase is generally
assumed to be a specific activator of plasmin, an
extracellular protease, hydrolyzing BAEe and
TAMe. It is therefore probable that part of the
proteolytic enzymes in the skin are located in
the interstitial fluid.
All the skin proteases acting on BAEe and
TAMe, however, are not extraeellular since this
action has been shown by Tlngar, Yamura and
Isola (6) to be increased by cysteine and in-
hibited by the SH inhibitor, p-chloromercuri-
benzoic acid. These properties indicating SH
dependence are usually attributed to cellular
protease. The role of these enzymes in the re-
action of the skin to injury is suggested by the
observations of these same workers on protease
activation by croton oil and poison ivy extract.
SUMMARY
Proteolytie activity of human skin was in-
vestigated by measuring the hydrolysis of syn-
thetic amino acid esters in the presence of skin
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PROTEOLYTIC EFFECT OF FIVE SKIN
SLICES AND SUBCUTANEOUS LAYER
120
00
80
60
40
20
1.
w
U,
IjJ
I—0
0
1sf 2nd 3rd Subcutaneous
SPECIFIED SKIN LAYER
FIG. 1
— ATrEe
BAEe
TAMe
4th 5th Subcutaneous
SPECIFIED SKIN LAYER
FIG. 2
124 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Vitamin Corporation, Yonkers, New York for
his direction of the work and for the use of
special facilities for laboratory determinations.
REFERENCES
1. BELOFF, A. AND PETERS, R.: Observations on
thermal burns. The influence of moderate
temperature burns upon a protease of the
skin. J. Physiol., 103: 461, 1945.
2. WELLS, 0. AND BABCOCK, C.: Epidermal pro-
tease. J. Invest. Derm., 21: 459, 1953.
3. MARTIN, C. AND AXELEOD, A.: The proteolytic
enzyme system of skin. 1. Extraction and
activation. J. Biol. Chem., 224: 309, 1957.
4. CORMIA, F., DOUGIIERTv, J. AND UNRAIJ, S.
Proteolytic activity in dermatoses: pre-liminary observations on inflammation and
pruritus. J. Invest. Derm., 28: 425, 1957.
5. UNGAR, 0. AND DAMGAARD, E.: Protein break-
down in thermal injury. Proc. Soc. Exp.
Biol. Med., 87: 378, 1954.
6. UNGAR, 0., YAMURA, T. AND ISOLA, I.: to be
published.7. UNGAR, 0.: Inflammation and its control.
Lancet, 263: 742, 1952.
TABLE IV
Proteolytic activity of fresh unfrozen skin slices
Skin From Three
Individual
Subjects
Substrate 5M/h/g
ATeEe ATyEe BAEe TAMe
1 27.5 78.8 15.75 25.2
2 14.0 49.3 14.1 16.8
3 24.9 71.5 34.3 22.8
Mean 22.1 65.9 21.4 21.6
POTENTIATION BY STREPTOKINASE
OF PROTEOLYTIC ACTIVITY OF SKIN
SLICES
TABLE V
Decreased proteolytic activity in heated skin slices
pM/h/y
0
Lu0)4
I-0
ATrEe ATyEe BAEe TAMe
Control
56°C.—3omin.
705C.—30min.
2.43
2.63
1.26
2.59
0.62
3.15
47.8 54.2
4.52 5.8
2.5 2.3
B AEe
Fio. 3
slices or skin extracts. Protease activity was
higher in the surviving slices than in the extract,
suggesting that some enzymes are not extract-
able. Study of successive layers of the skin
indicates that protease activity is not located
exclusively in the cpidermis as previously main-
tained. A small fraction of the protease activity
is due to extracellular enzymes, probably mostly
to plasmin. The intracellular enzymes are of the
SH dependent cathepsin C type; they are ac-
tivated by procedures which break up the cell,
such as freezing. As Cormia, Dougherty and
Unrau (4), Ungar (7), and others have pointed
out, these enzymes may play a role in the reaction
of the skin to injury.
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